Abstract
Introduction
Head and neck tumours can lead to devastating cosmetic and functional deficits with resultant psychological, physical, functional and nutritional detriment 1 . Deformities of the head and neck region can have devastating effects on appearance and function of the patient and are among the most disabling and socially isolating defects with significant impact on patient's residual quality of life. Reconstruction of such defects continues to be an extremely demanding challenge for Head & Neck surgeons who aim to restore form and function with minimal surgical morbidity especially when mandibular bone is involved. Mandibular reconstruction with fibula free flap is today the gold standard for functional and aesthetic rehabilitation after oncological surgery. There has been rising interest in virtual surgical planning and computer-assisted mandibular reconstruction (CAMR) for preoperative planning and execution of osseous free flap. Our work is based on the evaluation and application of virtual software in diagnosis and treatment planning in head and neck surgery 2 . In particular application regarding surgical program of resective, reconstructive and refinement surgery of neoplasms involving the mandibular bone. We are working to demonstrate how through the use of 3d rendering in surgical planning and customisation of the prosthetic components can improve the accuracy and quality of surgery by reducing the operating time. We also want to demonstrate that the functional and aesthetic outcome is better and how the application of these new technologies can improve communication between all the specialists involved in the processes of diagnosis, therapy and rehabilitation of oncologic patients [3] [4] [5] . This paper reports a case of new concepts and technologies in mandibular reconstruction.
Case report
A 69-year-old woman affected by a squamous cell carcinoma (SCC) of left floor of the mouth involving the mandibular bone was admitted at Martini Hospital (Turin, Italy). After medical and oncological evaluation, the surgical treatment was decided: visor flap, anterior glosso-pelvissynphysectomy and bilateral selective neck dissection and reconstruction with osteo-cutaneous fibular free flap previously programmed with 3d surgical planning, construction of cutting and reconstructive guides, laser prebended reconstructive plate.
Virtual surgical planning begins with the acquisition of a 64 slice high-resolution CT scan of the patient's craniofacial skeleton and angiographic computed tomographic scan for lower leg as donor site study for bone and for vessels. The Dicom data were sent to the modelling Company. The 3D rendering was performed using CMF software 6.1 (Materialise, Leuven, Belgium), which produces a three-dimensional model of both the mandible and the fibula. After a few days a Web meeting between surgeons and biomedical engineers from the modelling Company took place. During the meeting, sequentially determined were: (1) the amount of bone resection (resulting from the clinical and radiological data, i.e., CT scan and MRI) considering at least a 3 cm margin over the osteotomy to fix the plate (Figure 1 ), (2) the side of fibular free flap, (3) the type of reconstruction concerning to the number of bone segments (average segment length not inferior to 2.0 cm) (Figures 2 and 3 ), (4) fibula and customised plate in setting and final position in relation to the remaining mandible and cranio-facial skeleton (Figures 2 and 3 ), (5) the obliquity degree of the osteotomies both on the mandible and fibula (Figure 4) , (6) the number and position of screwholes both on mandible (minimum 2 on each mandibular stump) and fibula segments, (7) shape and position of cutting guides (Figures 5 and 6) .
In this case, the programmed resection involved the left mandibular body and the symphysis; BS (Figure 7 ) with an extension of about 7.7 cm. The reconstruction was programmed with two fibular segments with an average length respectively of 3.9 and 3.6 cm.
In our experience, the use of 45 degree osteotomies is very important to gain bone to bone contact between fibular segments and native mandible. In this case, we also programmed a correction of maxillomandibular relationship (Figures 4  and 8 ) in order to obtain a good compromise between aesthetic outcome and future function with implant supported rehabilitation.
Segmental mandibulectomy and fibula osteotomies were performed using prefabricated cutting guides ( Figures 9-11) ; surgical margins (soft tissues and bones) resulted tumour free.
Any major complication did not occur and the post-operative hospital stay was 15 days. Ischaemia time was recorded and resulted in 70 minutes. There were no drawbacks during all the surgical steps. High precision of cutting guides ( Figure 12 ) and a good fit of the pre-bended plate both on the mandible and on the fibula was found intra-operatively ( Figure 13 ). Extreme precision in bone to bone contact and position between mandible and fibula graft was also noticed (Figures 14 and 15) .
Discussion
In the authors experience that it is very important to perform, every time is possible, the most precise reconstruction both for aesthetic and future functional outcome; especially in oral malignancies, a good first reconstruction is better than a secondary. Secondary micro-vascular reconstruction could present many problems such as veins absence and poor local tissue quality, especially after radiotherapy. Mandibular pre-operative measurements, pre-operative virtual plan measurements and reconstructed mandibular measurements were superimposed. The TC average control length were respectively of 3,931 and 3,501 cm while the programmed measure were respectively of 3.920 and 3.625 cm (Figure 16 ). This case also demonstrates the good aesthetic result achieved by the use of this method. (Fig. 17 and 18 ).
Conclusion
CAMR fosters multidisciplinary communication and provides accurate pre-surgical planning. This allows seamless reconstruction in patients requiring mandibular reconstruction via fibula free tissue transfer. The combination of mandibular and fibular cutting guides and templates allows for a precise and efficient surgical reconstruction. Moreover, virtual surgical planning is an increasingly recognised technology for optimising surgical outcomes and minimising operative time. This technology is especially useful in minimising operative time in complex defect where an osteo-fascio-cutaneous flap is used for the defect reconstruction especially when the mandibular symphysis is involved. In summary, we posit that using CAMR and virtual surgical planning for mandible reconstruction after ablative surgery will significantly improve the functional results, allowing for accurate recovery of function and facial contour and decreasing surgical time. Moreover, it is possible to correct maxillomandibular relationship to obtain a functional implant supported prosthetic rehabilitation. Considering that the extension of resection can be wider than predicted, results more safe modelling the fibula only after the frozen sections have demonstrated the radicality of resection.
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